Summary &horbar; The aim of this study was to develop a method for perfusing isolated trout livers that would make it possible to study hepatic metabolism in the whole organ. Rainbow trout (Oncorhynchus mykiss Walbaum) subjected to different fasting periods of 24, 48 or 96 h were used in all the experiments. A non-recirculating system was applied at a flow rate of 0.2 mL/min. The perfusion medium was a specific saline solution for salmonids oxygenated by a multibulb glass oxygenator. Viability assays included the measurement of oxygen consumption, lactate dehydrogenase activity and liver metabolic capacity. In addition, a histological study was carried out. Our results showed that the metabolic capacity of the liver survived throughout the perfusion process and that the functioning of this organ changed depending on the length of the fasting period to which the animal had been submitted. The method described here was shown to be suitable for studying the 
. Miller et al (1951) improved the method sufficiently for the results to be considered scientifically reliable. Currently this technique is even applied to small animals such as mice (Styne and Vierling, 1986 ).
The first studies using liver perfusion in fish date from the end of the 1960s. Pequin and Sefarty (1969) (Rasenack et al, 1980; Schirmer et al, 1983; Quistorff and Grunnet, 1985 with a flow rate of 0.2 mL/min ( 12 mL/h). The medium was oxygenated with a humidified mix of02:C0 2 (95:5) supplied by a multi-bulb glass oxygenator in which the perfusate was oxygenated using large fluid-gas interfaces. The gas was previously saturated with water by bubbling it through a wash bottle (Miller et al, 1951; Schimassek, 1963; Hems et al, 1966) .
The perfusion medium used in our experiments was a specific saline solution for salmonids (Holmes and Stott, 1960) , pH 7, containing 250 mM NaCI, 9.6 mM KCI, 33.7 mM Na!HP04, 6.6 mM NaH!P04, 4.5 mM CaCI 2' 7.2 mM C0 3 HNa and gentamicin (100 mg/L; 64 400 IU/L). It was kept refrigerated for a maximum of 10 days before use. Before the liver perfusion was performed, the medium was subjected to an equilibrating period by being passed through the perfusion circuit for 20 min, thus reaching the appropriate oxygen, pH and temperature levels.
Sample collecting
After the liver had been connected to the perfusion circuit, the organ was stabilized for 10 min and the perfused medium collected during this time discarded. Next, samples were collected by taking the whole volume of eluent every 15 5 min for 2 h. These samples were centrifuged at 1 000 g for 15 min and frozen at -18 °C.
The oxygen concentration and pH of the perfusion medium were measured by taking several samples with a syringe intermittently throughout the experiment (15, 45, 75, 105 min) from the lower part of the reservoir (immediately before entering the liver) and as the medium left the organ. In this way the oxygen consumption by the liver tissue could be calculated.
Difficulties in cannulating the bile duct prevented the bile flow rate from being measured. In both the control and perfused animals (once the perfusion was completed), the liver was dissected and weighed. Part of the liver (0.5 g) was homogenized in order to assess the lactate dehydrogenase (LDH) activity (Gollan et (Morales et al, 1990 (Frbhlich et al, 1973; Oshino et al, 1973; Oshino and Chance, 1975 (Keiding et al, 1980; Reed et al, 1982; Styne and Vierling, 1986 ).
In our experiments, the perfusion medium had a constant temperature and pH throughout the 2 h perfusion (14 °C and 7.0, respectively).
Two different oxygenation systems have traditionally been used for the perfusion medium: a multi-bulb glass oxygenator (Miller et al, 1951; Schimassek, 1963; Hems et al, 1966 ) and a membrane oxygenator Gollan et al, 1981 Even though both methods have been described in the literature as providing sufficient amounts of oxygen to cover the liver requirements, we chose to use the former because under our experimental conditions, the amount of oxygen in the perfusion medium was significantly higher (P < 0.05) when the multibulb glass oxygenator was used. Moreover, the amount of oxygen consumed by the liver was significantly higher (P < 0.001) for this system.
The optimum perfusion flow for each species must be sufficiently high to ensure an adequate supply of oxygen to all parts of the liver but not exceed a limit, as this would result in tissue damage. In mammal liver perfusion studies (rat, mouse, rabbit), the optimum perfusion flow values have been set between 0.5 and 2 mL/min (Reichen and Paumgartner, 1976; Hartmann et al, 1982; Guaitani et al, 1983; Styne and Vierling, 1986) , values which are similar to hepatic blood flow rates in vivo. Reed et al (1982) however, showed that it was necessary to use lower perfusion pressures during fish liver perfusion because portal pressure values in fish are lower than those in mammals. Furthermore, the perfusion process has to be initiated with a very low pressure compared to that used with the rat, where the initial hepatic resistance is higher. After different validation assays we chose a perfusion flow of 0.2 mL/min ( 12 mL/h) for the trout liver perfusion.
Validation assays
To verify the validity of this method, the liver was submitted to different viability assays to determine whether the organ remained in a satisfactory condition during and after the perfusion process. Among the assays were the measurement of oxygen consumption, LDH activity and glucose production in the isolated liver. In addition, the perfused liver was subjected to histological study (Diaz and Connes, 1988; Gonzalez et al, 1993; Rocha et al, 1995) .
Oxygen consumption is one of the most reliable criteria for assessing tissue damage during perfusion, since it is possible to ascertain whether the process takes place homogeneously in the whole liver or whether there are some regions where oxygenation is insufficient.
In our study, liver oxygen consumption was almost constant at around 0.12 pmol/ min-g throughout the perfusion (fig 4) , implying that metabolic activity continued during the perfusion process and that the liver was in a similar condition at the end of the experimental period as at the beginning. These oxygen consumption values were lower than those for mammals given in the literature (Tavoloni et al, 1978; Gollan et al, 1981 but were similar to other values in fish described by different authors (Reed et al, 1982; Blanco, 1994) .
Another criterion frequently used for validating this kind of technique is LDH activity (Rasenack et al, 1980; Gollan et al, 1981; Guaitani et al, 1983 (Sugano et al, 1978; Nashat et al, 1985; Styne and Vierling, 1986 When the influence of fasting on glucose production or liberation was studied, a change in the metabolic capacity of the liver was observed. For the fish that had undergone 96 h of fasting, the glucose production was significantly higher (P < 0.05) than for those undergoing 24 and 48 h of fasting for every 15 min interval period. There were no differences between the 24 and 48 h fasted fish. This may have been because only gluconeogenesis is activated during short fasting periods (24 and 48 h), which supposes that hepatic proteolysis is also taking place. Under the more drastic conditions (96 h of fasting), regardless of the higher gluconeogenesis levels, a glycogen hydrolysis process would also be activated.
In summary, our results showed that the liver survived throughout the perfusion process and that the functioning of this organ changed depending on the fasting period to which the animal was previously submitted.
